Gender differences in competition have been demonstrated in a variety of contexts, yet it remains unclear how people respond to competitors they perceive to be hard or easy, and whether gender differences exist in this response. I run an experiment in eighteen public high school classrooms to study the effect of competing in a math task against different levels of competitors. I exploit natural sorting within grade levels in Malaysian public schools to randomly assign competitors of different perceived difficulty levels. Using a standard competition measure, males are significantly more competitive than females. However, when students face harder competitors, males respond by lowering performance while the performance of females does not vary significantly by level of competition.
Introduction
Many studies have shown that females are less competitive than males in stereotypically male tasks (see Niederle and Vesterlund, 2011 for review) , which explains some of the gender differences in later education and career outcomes (Almås et al., 2016; Buser et al., 2014; Buser et al., 2017; Ors et al., 2013; Zhang, 2013) . One important aspect of competition is the perceived difficulty of the competitors: people may react differently in competition when facing easier or harder opponents. Gender differences in these reactions can help explain dynamics of competition and inform policy decisions about the characteristics of competitions in schools or the workplace. Existing research on the perceived difficulty of the competition primarily relies on information provided in a laboratory context which may have limited applicability in the field. In the current study, I exploit natural sorting within grade levels to randomly assign competitors of different perceived difficulty levels to examine the effect of facing harder competitors by gender in addition to replicating the standard gender gap on a math task in Malaysian public schools.
Gender gaps in competition have been categorized by both choice and performance.
Females are shown to be less likely than males to choose into competition, a well-established finding in the literature (Niederle and Vesterlund, 2007) . Recent research explores how factors such as task or information affect this gender gap (see Niederle, 2016 for review) . There is less consistent evidence, however, of gender differences in performance in competitive environments. A seminal paper finds that females perform worse than males when solving puzzles under a competitive incentive scheme, although there is no difference in performance under a non-competitive incentive scheme (Gneezy et al., 2003) . Other studies use similar designs and puzzle tasks with similar results (Datta Gupta et al., 2013; Günther et al., 2010) . Niederle et al. (2013) finds that males outperform females in math tasks under competition.
However, other studies show no gender differences in performance under either non-competitive or competitive incentives in math tasks (Ertac and Szentes, 2011; Niederle and Vesterlund, 2007; Wozniak et al., 2014) .
The literature indicates that gender differences in competitive performance cannot be simply explained by differential ability, which has shifted some recent literature to study how features of competition may differentially affect males' and females' performance. One aspect of competition is how people respond to harder or easier competitors and whether there are gender differences in these responses, the focus of the current study.
Prior research has examined reactions to different levels of competition by providing information or relative feedback during competition 1 in a laboratory environment (Buser, 2016; Cason et al., 2010; Eriksson et al., 2009; Ertac and Szentes, 2011; Gill and Prowse, 2014; Kuhnen and Tymula, 2011; Wozniak et al., 2014) , with one recent study conducted in a field setting (Wozniak et al., 2016) . In these studies, information about either random competitors or deliberately lower-or higher-performing competitors is given to subjects prior to subsequent competition decisions and performance.
Rational behavior predicts that people would be more reluctant to enter into competition against more difficult competition. Cason et al. (2010) created groups of relatively weaker, stronger, or superstar competition and the study finds that, as expected, the fraction of entry into a tournament is highest against the weaker group and lowest against the superstar group. No breakdown by gender is provided, although there is some indication of gender differences-females under-enter a proportional pay tournament given their expected payout, with no gender difference in under-or over-entry for the winner-take-all tournament. A clear gender difference in choice of competition is demonstrated in an unpublished study by Niederle and Yestrumskas (2008) , which shows that females choose a less difficult and less lucrative task than males; however, both genders receive lower payout than if they had optimally chosen their task difficulty.
There is consistent evidence that information about target or relative score provided to subjects decreases or even eliminates the gender gap in entry into competition (Ertac and Szentes, 2011; Wozniak et al., 2014) , although Wozniak et al. (2016) finds a persistent gender gap in competition entry among low-ability participants even after information is provided.
However, the effect of information on gender differences in performance is less clear.
When subjects must compete, there are mixed results in reactions to information about competitors. Eriksson et al. (2009) finds that feedback on relative performance does not significantly change performance. The study reports positive peer effects in tournaments; frontrunners do not slack off and underdogs rarely quit, although continuous feedback reduces the quality but not quantity of effort for underdogs. However, Gill and Prowse (2014) finds that subjects reduce effort after a loss, although males reduce effort only after failing to win large prizes. Buser (2016) shows somewhat different results depending on gender. Buser created three groups based on random pairing in a first round winner-take-all tournament: winners, losers, and those who receive scores, which he refers to as the no information group. Losers from the first round seek harder challenges, are less successful in the challenges and overall make less money in the second round compared to the winners. While there are no gender differences in average outcomes, such as the challenge level selected or performance in the challenge, males react to losing by becoming more challenge-seeking than winners and females react by lowering their performance.
The findings in these previous studies are contingent on random or contrived information about competitors to elicit a reaction from subjects. Although there is a range in the type of information provided, from relative scores to more direct messages of winning or losing, the explicit information acts as a treatment. The use of explicit information may contribute to results in the previous studies--a study shows that the possibility of receiving feedback induces subjects to work harder even when they are not compensated for the extra effort, which demonstrates how responsive subjects can be to explicit information (Kuhnen and Tymula, 2011) . I focus on the effect of competitor level on competition performance, a relatively less understood aspect of gender differences in competition. I explore reactions to a subtler but realistic scenario of the perception of competitor difficulty, since people often compete with incomplete information about their competitors. For example, students may not know their rankings in class prior to taking a test; even if these rankings are known from a prior test, they do not perfectly transfer to another subject or even another test in the same subject. Despite this uncertainty, students must perform on assignments or tests. Thus, it is important to explore how a noisier yet realistic signal of competitor difficulty affects performance in competition. Although the context is essentially a lab-in-field environment rather than an actual school competition, the school setting allows students to compete against meaningful categories of competitors instead of relying on artificial competitors created by researchers.
By closely following Buser et al.'s (2014) protocol used in secondary schools in the Netherlands, the current study also provides evidence for replicability of findings in a different context. Cultural context is demonstrated to play a role in gender differences in competition (Gneezy et al., 2009) , although not necessarily in expected ways (Cárdenas et al., 2012) ; thus, it is important to acknowledge potential cultural influences on these differences. Nearly all of the studies use university subject pools in Western countries. To the author's knowledge, this is the first such experiment performed in a Muslim country and one of few performed in Asia. While this paper highlights several differences in the Science, Technology, Engineering & Math (STEM) and gender context particular to Malaysia, the findings are suggestive of gender stereotypes and differences in competition in STEM generally found in the literature.
The results of this study demonstrate that in a context where the standard gender difference in competition entry exists, males appear to be affected by the level of competition while females are not. When students face harder competitors, males respond by lowering performance while the performance of females does not vary significantly by level of competition. These somewhat surprising findings suggest that policies that require females to enter into more difficult competitive situations may not be detrimental to their performance in these situations.
The rest of the article proceeds as follows. Section 2 provides an overview of the study details, including context, data collection procedures and study design. The results from the study are detailed in Section 3. First, I provide descriptive analyses of the behavioral characteristics and other control variables used in later analyses. Then, I provide the analyses of the standard gender differences in competition (within class competitions). Lastly, I provide analyses of the response to different levels of competition (between class competitions). Section 4 discusses the significance and potential mechanisms of these findings. Section 5 concludes.
Study Overview

Context
Gender differences in competition appear to exist at a young age (Eccles et al., 1993; Gneezy and Rustichini, 2004; Harbaugh et al., 2002; Sutter and Glätzle-Rützler, 2014 ). These early differences may affect the trajectories of individuals' future decisions and outcomes. To understand competition phenomena in a relevant setting, this study uses a sample of high school students prior to any academic tracking.
This study takes place in public schools in Malaysia, a multicultural developing country in Southeast Asia with a majority Muslim population. Malaysia is a useful context for this study for several reasons. First, the informal but widespread ranking system within grades in public schools provides a unique opportunity to exogenously vary the level of competitor within classrooms, which will be discussed further in Section 2.2. Second, the STEM context in Malaysia appears to favor females compared to the populations used in prior studies, although standard male stereotypes of STEM seem to persist. Several studies view stereotypes associated with tasks as potential explanations for gender differences in math task competitions (Dreber et al., 2014; Kamas and Preston, 2010; Grosse and Riener, 2010; Günther et al., 2010; Shurchkov, 2012) , thus any competitive differences found in the Malaysian context could help bring insight into whether gender differences in competition are similar in an environment with greater female STEM participation. The Malaysian education system consists of six years of primary school and five years of secondary school; during the last two years of secondary school, or upper secondary school 2 , students are placed into academic tracks with different associated prestige: the arts track (less prestigious) and the science track (more prestigious). Although there is no official tracking policy prior to the last two years of secondary school, many secondary schools use unofficial methods 3 of ranking and sorting students into classrooms within grade levels. Enrollment in preschool, primary school and secondary school is gender-balanced (49%-50% of enrollment is female). However, there are differences in gender proportions in the upper secondary school academic tracks. In upper secondary school, females constitute about half (47-49%) of the arts stream and the majority (about 58-59%) of students in the science streams 4 . Thus, there are more females than males in the most prestigious science track at the upper secondary level (Ministry of Education Malaysia, 2014). A similar gender distribution is found in the lower secondary Form 3 5 classes in this study, prior to the official academic tracking (see Section 2.2 for details).
The female advantage continues in tertiary education. Malaysia has a slightly lower ratio than the U.S. of females to males in tertiary education, although in both countries, females make 2 Form 4 & 5 are known as upper secondary and are equivalent to grades 10 & 11. 3 For example, sorting students into classrooms based solely on overall test scores. 4 Science and arts streams are the two most common streams; some schools offer "sub-science" or "sub-arts" as well. 5 Equivalent to grade 9. up the majority of tertiary students (Malaysia: 1.21 to US: 1.36). However, nearly half of Malaysian female students (46%) versus less than a third of U.S. female students (30%) major in STEM fields (World Economic Forum, 2014) . In fact, Malaysian females make up the majority of entrants, enrollments and graduates in most fields of study in the public universities including about two-thirds of graduates in Science, Mathematics and Computer; the only field in which females are a minority is Engineering, Manufacturing and Construction (Ministry of Education Malaysia, 2015) . A qualitative study of the University of Malaya's 6 Computer Science and Information Technology department reveals that the majority of faculty, heads of department and dean were women in 2001 (Mellström, 2009 ). Mellström hypothesizes that computer science professions may be considered more suitable for females because of the office rather than field nature of the work; however, labor market data is limited such that it is not possible to identify the percentages of women in these fields.
Thus, females in Malaysia appear to face a more positive STEM climate in education than in many other countries. Nevertheless, gendered stereotypes for STEM and reading exist (see Section 3.1). Furthermore, prevailing gender norms may discourage females from being too "aggressive", which could influence gender responses to competition (Curriculum Development Division, 2016) . These features demonstrate that multiple components of culture create a complex atmosphere that may affect gender dynamics in competition.
Data Collection
This experiment was conducted in public secondary schools in one school district in Selangor, the largest and most urban state in Malaysia. I invited co-educational secondary schools in this district to participate in this study, asking for one classroom period of time; five schools agreed to participate. All schools in this study sort students into classes within grades by prior achievement, a widespread practice in Malaysia, and have a minimum of five classes in Form 3 7 to ensure sufficient variation in competition levels. Three to five classes from Form 3 were selected from each school to participate. The data collection was conducted over the span of one month, from July-August 2015. For a given school, the experiments in different classrooms 8 were conducted during the same day and often at the same time. Not every 6 Malaysia's oldest and most prestigious public university. 7 9 th grade equivalent; last year of lower secondary school and prior to academic track specializations. 8 The experiment for one classroom at one school was conducted about three weeks after the rest of the classrooms at that school because of scheduling problems. classroom in Form 3 in a school participated, experiments were often conducted at the same time within a school, and the bulk of the classroom experiments in the entire sample was conducted within one week, so there is little reason to worry that students knew about the experiment and strategized prior to participating. Students were paid two weeks after the experiment through sealed envelopes; there was no fixed participation fee and the average payout was RM10.26 9 , with a minimum of RM0 and maximum of RM71.
Four of the five schools provided administrative information including student gender and midterm grades (the most recent official grades). The study was conducted during regular classroom instruction time in eighteen classrooms 10 . Each school engaged in some form of classroom rankings such that the classrooms were ordered according to student achievement, prior to official academic tracking practices at the end of Form 3. Students are well aware of this ranking, similar to how students in other countries such as the U.S. are aware of being in advanced or remedial classes. For example, in three of the five schools, classes are named in alphabetical order from top to bottom class. The top class, bottom class, and one to three middleranked classes in Form 3 of each school participated in this study. There were 562 secondary school students in Form 3 who participated in this study, but one student was dropped because there was no gender information available, leaving a sample of 561 students (290 males and 271 females). In the sample, females make up 40% of the bottom classes, 48% of the middle classes and 54% of the top classes 11 . The analyses of the effect of facing a different level of competition (i.e., easier or harder competition) are limited to the sample of middle classes (266 students), which were oversampled for this purpose.
The schools in this study represent over a fifth of the 24 public co-educational secondary schools 12 in the district. Although they may not be representative of the country as a whole, the schools appear to be similar on average to Malaysian public secondary schools. The average classroom size in the schools in the sample is 35.28, similar to the national average lower 9 Currency was given in Malaysian Ringgit (MYR), which has a similar purchasing power to USD although the exchange rate was roughly 4 MYR:1 USD in summer 2015. 10 One additional classroom was dropped due to technical problems. 11 Post hoc ANOVA comparisons using the Sidak (p=0.036), Bonferroni (p=0.036), Scheffe (p=0.043) and Tukey (p=0.032) methods indicate that only the bottom and top classes have a statistically significant different proportion of females at the p<0.10 significance level. 12 Most students in Malaysia attend co-educational schools. Wiseman (2008) finds that 14.67% of schools (indexed by 8 th grade math classrooms) were sex-segregated, which was not statistically different from the international mean of 18.94%. secondary classroom size of 34 (Ministry of Education Malaysia, 2014). Females make up 48% of the sample, similar to the national percentage of 50% (2015 data) in Form 3 (Ministry of Education Malaysia, 2015).
Study design
The objective of this experiment is to measure the rates of entering a competition when competing against classroom peers, and in a subsequent round, to measure differences in performance when forced to compete against students from another higher-or lower-ranked class in the same grade and school.
The experiment has four rounds of tests with varying incentive structures followed by a survey, similar to the design first used in Niederle and Vesterlund (2007) . The test instrument for each round was a five-minute math test with 40 double digit multiplication questions, which is a slightly longer and more difficult task than the one used by Niederle and Vesterlund, in order to enable more variance in scores due to an additional incentivized round in this study. This task was designed to measure the level of effort, not mathematical knowledge or attitudes. None of the questions repeat in the study and all numbers with zeroes were removed in order to keep the level of difficulty comparable across each test. There were no penalties for incorrect answers.
Students were not allowed to use calculators but were given pieces of scratch paper to solve problems on. Directions about the specific incentive system of the round's test were read out loud in Malay, the language of instruction, prior to each test. All documents were given in both English and Malay. Students were told not to speak during the duration of the study, and had to place their pens down and stand up when the end of each test was announced. Furthermore, students were informed that only 1 out of the 4 rounds of tests would be compensated, randomly chosen at the end of the session, in order to avoid hedging and to encourage each student to try his/her best during each round. Thus, at the end of each session, a representative from the class picked a ball numbered from 1-4 out of an opaque bag to choose which round was paid out for that entire class.
Test 1 was scored according to a piece-rate incentive; for this test, students were paid RM0.50 per each correct answer. Test 2 was scored according to a winner-take-all tournament incentive (i.e. a competitive incentive). For this test, students were told they would be competing against 3 other randomly selected students (4 students per group) from their class. If they obtained the highest score (i.e. first place), they received a payment of RM2 per each correct answer, but if they did not obtain the highest score, they received nothing 13 .
Prior to Test 3, students were given the choice of how they wanted to be compensated for the third test. Each student chose between one of the prior two incentive schemes, marked the choice on a form, then inserted the form into an envelope. Students were informed prior to decision-making that if they chose the winner-take-all tournament incentive, they would compete against a new set of three randomly selected competitors' scores from Test 2 so they could be competing against any of their classmates, not just those who chose the tournament incentive (see Niederle and Vesterlund, 2007) . Test 3 proceeded after every student selected a choice and put away the form in an envelope.
Prior to Test 4, students were given slips of paper that informed them which class they would be competing against in the fourth test. Thus, in the fourth round of the study, students were told they would be competing in a winner-take-all tournament, competing against three randomly selected students from the other class, under the same incentive structure as Test 2 but using only Test 4 scores. In each class, students were randomly assigned to one of two other classes in their grade (e.g. bottom or top class if the student were in a middle class); classes were referred to by their official school names with no explicit reference to positioning within the grade level. However, as described earlier, students are well aware of the implicit differences between classes.
After Test 4, students completed a survey which included incentivized questions on levels of confidence and risk aversion, in addition to non-incentivized questions about their attitudes, opinions and family background. Students never received information about their scores during the experiment. Students could estimate how they had performed only after they were given their payments, a couple weeks after the experiment had been completed.
Results
Same-Class Competition Analyses
The following section presents results from the first three rounds of the study, which replicates the design from Buser et al. (2014) . First, I provide the descriptive results of the performance, competition choice, behavioral and other individual characteristics of students. I then present the regression results that confirm the gender gap in competition.
There is no gender gap in performance for this multiplication task, whether students are under piece-rate or tournament incentive against their classroom peers. A table of descriptive characteristics shows the performance and competition choice prior to Test 3, when all students are under the same incentive structures (Table 1) . Although it is not a focus of this paper, there is evidence that the sorting mechanism into classrooms by student prior achievement resulted in classes with overall differences in student performance, which is an important component of the analyses of performance against other classes. The average number of questions correct for the first test, under the piece-rate incentive, is 10.141 although this varies between 5.937 in the bottom classes to 12.432 in the top classes. The average number of questions correct for the second test, under the winner-takes-all tournament incentive, is significantly higher at 12.041, ranging from 7.746 in the bottom classes to 14.444 in the top classes 14 . Overall, females appear to outperform males on these first two tests, though these gender differences disappear when taking into account the class level and corresponding differences in gender distribution across class levels. Thus, it is established that there are no gender differences in performance under either of the incentives for this task.
Furthermore, both genders increase performance under the competition incentive. The different incentive structures between Test 1 and Test 2 affects both genders; the average number of answers correct between Test 1 and Test 2 statistically significantly increases for both males and females (Appendix A-1). This increase could indicate learning with successive tests (discussed further in Section 3.2); however, a recent study finds that the order of piece-rate and tournament rounds does not significantly affect the difference in performance under the two incentives in a similar experiment (Wozniak et al., 2016) . Therefore, we can interpret the positive increase as the response to competition.
Unlike performance on the tests, there is a clear difference in the rates at which males and females choose competition, both overall and at each class level. Overall, less than a third of students (29.6%) choose competition for the incentive structure of Test 3. Females choose into 14 The numbers of correct answers for both Test 1 and Test 2 are different between all three class levels according to the analysis of variance comparisons, which indicates that student ability in these tasks has been appropriately sorted by class levels (ANOVA analyses available upon request). competition at almost half the rate of males, with an average of 20.7% of females versus 37.9% of males choosing competition, with the greatest difference in the top classes (18.5% of females versus 46.8% of males).
The choice into competition for Test 3 does not appear to incentivize students to perform better than those who did not choose into competition for Test 3. There is no difference in the increase in number of correct answers from Test 2 to Test 3 for those who chose competition and those who chose piece-rate (Table 2 ). This can indicate either insensitivity to the choice, or poor measurement of effort (e.g. ceiling effects) on performance. Subsequent increased performance on Test 4 discussed in Section 3.2 implies that students did not respond to choice, rather than the task failing to measure changes in effort.
Other factors such as confidence, risk-aversion, academic performance, attitudes and expectations towards math/science, and socio-economic status may be influential in students' choice of competition. A summary of student behavioral and personal characteristics is shown in Table 3 (Appendix A-2 for detail). There are several characteristics that differ by gender.
Males are more confident and over-confident than females in competitions against their own class. Confidence is measured by two questions on the survey, similar to what is used in Niederle and Vesterlund (2007) . These questions ask what rank (1-first place to 4-last place) students think they had achieved for the two forced competition rounds, Test 2 (against own class) and Test 4 (against other class). Students received RM1 per correct answer for these questions. Overconfidence is defined as the difference between actual rank 15 and guessed rank, with a range of -3 to 3. This measure provides the student's level of confidence for the particular task rather than a more generalized measure (e.g. soliciting student perceptions about class rank).
The average guessed rank of males against their own class is 2.441 versus 2.715 for females (p=0.001); thus, males guessed that they obtained a better rank than females guessed. After accounting for actual ranks, females are under-confident while males' guessed ranks are closer to their actual ranks (slightly under-confident against their own class and slightly over-confident against another class). 15 Actual rank is constructed from 1000 simulations of random draws of 3 other students from the appropriate class against a given student's score; the modal value was selected as actual rank.
It appears that males are more accurate in their rankings, although both males and females appear less confident about winning than other studies have found (e.g. Niederle and Vesterlund, 2007) . However, the male percentage is roughly in line with what was found in a sample of similarly-aged students (Buser et al., 2014) . About 21% of males and 9% of females believe that they won the tournament in Test 2 (p<0.001), while 30% of males and 24% of females actually win the tournament, with no significant difference.
Males are more risk-seeking than females according to both risk measures in this study.
Risk preference is measured in two ways on the survey. First, students answered an incentivized question based on a modified question used by Eckel and Grossman (2002) that asked them to choose between an option with 100% certainty (RM2) or one of four 50/50 lottery options based on a flip of a coin at the end of the study: RM3 or RM1.50, RM4 or RM1, RM5 or RM0.50 or RM6 or RM0. The coin was flipped in front of the classroom at the end of the study and the individual's choice was paid out with the rest of his/her earnings. Second, students answered a non-incentivized risk preference question taken from the 2004 wave of the German Socio-Economic Panel Study following Dohmen and Falk (2011) , who find that this question predicts incentivized lottery choices. The question is: How do you see yourself: Are you generally a person who is fully prepared to take risks or do you try to avoid taking risks? Check ONE box on the scale, where the value 0 means: 'unwilling to take risks' and the value 10 means: 'fully prepared to take risks'. Males choose a more risky lottery option and also choose a higher level of risk to describe themselves. In this sample, the correlation between these two measures is 0.243 overall, 0.208 for males and 0.230 for females (p<0.001 in both cases).
Females and males perform similarly on their school math midterm grades 16 ; there is no gender difference (Appendix A-3 for detail). However, there is a significant female advantage for overall midterm grades: females have a 5 percentage point higher overall midterm grade than males (57.436 versus 52.414, p=0.005). Despite this academic context, the student survey responses show that male-favoring stereotypes exist for math and science and female-favoring stereotypes exist for reading, similar to Western stereotypes (Appendix A-4 for detail).
Females and males have similar levels of enjoyment of math; 74.3% of males and 69.7% of females agree or strongly agree that they like math (no significant difference) although a 16 Administrative grade data was obtained from four out of the five schools.
higher percentage of males than females like science while a higher percentage of females than males like reading (p=0.015, p<0.001 respectively). In addition, a higher percentage of males believe they are good at math; almost half of males (47.2%) versus a little over a third of females (36.8%) agree or strongly agree that they are good at math (p=0.014). A similar pattern follows for science although it is reversed for reading; over three-quarters of females (77.2%) versus two-thirds of males (67.5%) think they are good at reading (p=0.010).
The science and math fields are most prestigious; 71.4% of all students rate the Science track as the best academic track in upper secondary school, with no statistically significant gender differences. A marginally higher percentage of males than females think that they will end up in the Science track in the next academic year, 47.6% versus 40.6% (p=0.097). On average, students believe that boys are better at math and science while girls are better at reading; males tend to rate boys as better in each of these subjects (Appendix A-4 for detail).
There do not appear to be gender differences in socioeconomic status (SES), using parental education as a proxy. On average, 45.1% of students' fathers and 36.7% of students' mothers hold at least bachelor's degrees (Appendix A-5).
Given that these variables may contribute to an individual's decision to enter into competition, it is important to control for these variables when determining whether there is a gender difference in competitiveness; that is, choosing competition for Test 3. The measure of competitiveness in this paper is similar to the measure first used in Niederle and Vesterlund (2007) . Student choice of whether to enter into competition or piece-rate compensation prior to Test 3, controlling for other variables, is used as the measure of competitiveness (choosing competition is used interchangeably with choosing the tournament incentive for Test 3).
When controlling for only the score on the piece-rate test (Test 1) and the difference between the tournament and piece-rate scores (Test 2-Test 1), females are 17.4 percentage points less likely than males are to choose competition (Table 4 , Model 1). When adding in the level of overconfidence, the difference decreases to 14.9 percentage points, which is different from the coefficient in Model 1 at the <0.001 level 17 (Model 2). This difference remains largely stable when adding in both measures of risk preferences (Model 3), and is not significantly different from Model 2. When student attitudes and SES are added, the gender gap is 13.9 percentage points, although none of the coefficients for these characteristics appear to influence competition entry (Model 4). Lastly, although one school did not provide midterm scores, the gender gap remains when including math and overall midterm grades in addition to all the other covariates (Model 5).
Similar results hold for the previous models when this school is excluded from the analyses (Appendix A-6) or when session fixed effects are used instead of class fixed effects to account for simultaneous experimental sessions (Appendix A-7). Thus, the gender gap is still significant although the power from the reduced sample size is lower, and is very similar to the gap found in a similar age sample of ninth-grade students in the Netherlands, 11.7 percentage points (Buser et al., 2014) .
Secondary students in Malaysia show the standard gender gap in choosing competition
that has been demonstrated in many different contexts. When only controlling for previous performance, the gender gap is 17.4 percentage points. The gender gap is reduced a total of about 20% when controlling for confidence, risk preferences, student attitudes about math and socioeconomic status, but females are still 13.9 percentage points less likely than males to choose competition (p<0.05).
Other-Class Competition Analysis
The previous analysis confirms that the standard gender gap in choosing into math competition exists for this sample of secondary school students. This section focuses on the novel contribution of this paper: how students react to different levels of competition. I present several descriptive findings of the difference in performance when facing different competitors. I then present the experimental results in addition to exploring heterogeneity in these results and whether changes in questions answered or accuracy led to these results.
The sample for the following analyses is restricted to the middle-ranked (middle) classes so that there are both easier (bottom class) and harder (top class) competitors. There are 266 students in 8 middle classes (137 male and 129 female), which represents a little less than half the number of students in the original sample. As described in Section 2.3, students in the middle classes were randomized to compete against either the top ranked class or the bottom ranked class in the same grade and school, although classes were only named by their official titles as to not directly prime students to the level of their competitors. Students received a slip of paper informing them which class their competitors would come from, and were told to put the slip of paper in an envelope and not talk so that treatment assignments remained concealed.
As in the overall sample, there is a general upward trend in the number of correct answers in successive tests, which suggests that learning 18 could play a role in the observed scores (Table   5 ). This brings up concerns about whether the observed scores reflect learning or ability rather than the effort put into the task. The randomization should alleviate these concerns for this last round, unless learning or ability is not balanced within genders across treatment groups. The randomization produced balanced groups competing against higher and lower competitors across all observable baseline characteristics (gender, math midterm score and overall midterm score).
In addition, most student characteristics measured prior to treatment are balanced across groups, including scores on Test 2, Test 3, the difference between Test 2 and Test 1, and the competition choice. Treatment assignment predicts the score on Test 1 at the 10% significance level, although there is no significant correlation between treatment and Test 1 score within gender (Appendix A-8). The following analyses control for Test 1 score, difference between Test 1 and Test 2 score, and competition choice as robustness checks.
Although the upward trend in scores on successive tests is clear in the treatment against the bottom class, it is less apparent for those who competed against the top class. However, the incentives between the third and fourth test vary by student choice thus it is most relevant to compare results from Test 4 against Test 2.
In the following analyses, the primary variable of interest is the difference between performance in Test 2 and Test 4. Similar variables are constructed for the difference between total number of questions answered and the difference in accuracy of answers, which are used to explore the main results. Thus, a student's performance against another class (Test 4) is compared against performance against a student's own class (Test 2). This within-subject design allows us to see the effect of a different level of competitor using each subject's baseline value (i.e. performance on Test 2). The average value of the difference in the number of correct answers from Test 2 to Test 4 is 1.34 with a standard deviation of 2.90 and a range of -7 to 10.
As Figure 1 shows, there is no gender difference in the change in performance when the competitors are from the bottom class. Both genders perform about 1.5 questions better.
However, when matched against competitors from the top class, females increase the number of correct answers by significantly more than males, 1.806 correct answers compared to 0.521 correct answers (Appendix A-9, p=0.018).
Since treatment is randomized within class, the following equation can be used to determine the effect of the treatment.
where:
is the difference in number of correct answers between other and own class (Test 4 -Test 2)
for student i in class j
Γ is the class fixed effects
Treatment is 1 if assigned to the top class and 0 if assigned to the bottom class for student i in class j
Female is 1 if female and 0 if male for student i in class j Treatment * Female is 1 if student i in class j is assigned to the top class and is female; 0 otherwise. This represents the gender difference in the effect of treatment on the difference of performance between other and own class Χ ij is a vector of student attributes
The regressions in Table 6 show the effects of competing against the top class (competition against bottom class as reference group), relative to competing against own class.
Since the treatments were randomly assigned, the estimates of the effect of the treatment can be directly interpreted. Baseline covariates are included in subsequent models, which lowers the precision of the estimates (Columns 2-3) . The regressions are also performed separately for males (Columns 4-6) and females (Columns 7-9).
The effect of facing the top class versus the bottom class is about one question less, -0.999 (p<0.05) ( Table 6 , Column 1). However, the interaction effect of being female and facing the top class is positive and similar in magnitude to this negative effect, 1.155 (p<0.10). When adding in baseline variables including Test 1 performance, response to competition incentive (difference in Test 1 and Test 2 performance), and competition choice, the pattern remains similar; there is a stable negative main effect although precision decreases so that the female interaction effect is not statistically significantly different from zero (Table 6 , Column 3).
The gender difference in response to harder competition is clearer when examining the regression results separately by gender ( To explore these results, I examine heterogeneity in the sample in addition to whether the effects are due to differential numbers of questions answered or a change in the accuracy of answers.
An important characteristic of this sample is the variance in performance both within schools (e.g. average scores in middle classes compared to top classes) and across schools. All previous results include class fixed effects, which help capture this heterogeneity. However, it is also instructive to view these results in a more easily comparable manner such as the chance of winning against the top class. The chance of winning against the top class conditional on the number of correct answers varies by school; for example, with 18 correct answers, a student in a 19 When the baseline variables are added in models 3, 6 and 9, the difference between Test 1 and Test 2 performance (T-PR) shows a consistently large negative coefficient, which could possibly be due to ceiling effects. middle class at School 4 has an 83% chance of winning, while a student in a middle class at School 5 has a 9% chance of winning (Table 7) . When the chances of winning are used as controls instead of the numbers of answers correct, the effects of facing harder competition remain negative for males and null for females (Appendix A-13).
These effects of facing more difficult competitors appear to differ along the distribution of baseline performance by gender. For males, the difference between Test 2 and Test 4 score is greatest at the best and worst quintiles of the baseline (Test 1) performance distribution ( Figure   2 ). Males at the best and worst quintiles who face the top class perform about two questions The change in performance from Test 2 to Test 4 could be due to a combination of the quantity and accuracy of answered questions. For example, individuals can obtain a higher score by answering more questions with the same (or lower) level of accuracy or by answering the same number (or fewer) of questions with higher accuracy. It appears that competitor difficulty has no effect on the number of questions answered; there is a negative effect for males that is not significant after controlling for prior number of questions answered and competitive behavior (Table 8) . However, males but not females are less accurate when facing more difficult competitors; the difference between females and males when facing harder competition is about 5 percentage points and significant at the 5% level (Table 9 , column 3). After controlling for prior accuracy and competitive behavior, the accuracy of males who face harder competitors is a little over 3 percentage points (significant at the 10% level) less than the accuracy of males who face easier competitors (Table 9 , column 6). Thus, it appears that males change the quality (accuracy) of performance rather than the quantity of effort against more difficult competition.
Discussion
This study shows the robustness of the gender gap in competition. Overall, females choose into competition at about half the rate of males-20.7% versus 37.9%. After controlling for student performance, confidence, risk preferences, and other student characteristics, females still have a 13.9 percentage point lower probability of choosing into competition less than males. This gender gap is very similar to what is found in the Netherlands with a similar age group and experiment protocol, although the overall rates of competition are lower in Malaysia.
There is another gender gap that emerges when facing different levels of competitors.
The performance of females is not affected by facing harder competitors. However, males perform almost one question worse when facing competitors from the top class (about one-third of a standard deviation) than when competing against the bottom class. It appears that accuracy decreases for males when facing the top class compared to the bottom class. There may be several explanations for the gender difference in performance against harder competitors, such as the gender composition of groups, differential expectations when facing different classes or changes in the chance of winning or expected earnings.
One possible explanation for these results may be the gender composition of the competitor groups. Existing research indicates that the gender composition of competitors can affect performance in competitions (Booth and Nolen, 2012; De Paola et al., 2015; Gneezy et al., 2003; Kuhnen and Tymula, 2011) . Thus, the perceived gender composition of the competitors could also play a role in these results. As noted in Section 2.2, there is a higher proportion of females in the top classes than in the middle or bottom classes, although the difference is not statistically significant between the top and middle classes, which is the relevant comparison in these analyses. The range in female composition of the top class across the five schools in the study is reasonably small, from 48.48% to 60.71%. These factors make it unlikely that the female composition of the top classes affected results.
These results could also be explained by different expectations between genders when competing against harder or easier competition, and a corresponding differential change in effort.
For example, Kuhnen and Tymula (2011) use gender composition of the group as a proxy for perceived difficulty of competitor and find that females have lower output, worse expected rank and worse actual rank with more males in their group while males are not affected by the gender composition of the group. However, gender composition of the group may be an inappropriate proxy for perceived difficulty of competitors. It is worth noting that they observe that males expect better rankings than females (similar to this study) yet males also outperform females (different from this study). I use a similar task but more clearly designated groups of easier or harder competitors and find that expectations of males rather than that of females appear to be affected. There are no gender differences in the actual rankings in either treatment condition, although both genders guess a better rank when competing against the bottom class (Table 10 ). These rankings also confirm that the difficulty levels of competitors are appropriately categorized; students in the sample have a 55% chance of winning the tournament against the bottom class and a 16% chance of winning against the top class, with no gender difference. However, males guess they are a better rank than females do and are more overconfident when facing the bottom class (p-values 0.019 and 0.061, respectively). There are no gender differences in guessed rank or overconfidence when facing the top class, although males are slightly overconfident and females are under-confident. Since baseline measures of confidence against different classes were not elicited in this study in order to prevent priming, it is not possible to distinguish whether the treatment of facing more difficult competition changed male and female priors about their performance differentially. Nevertheless, these ex-post elicited measures of confidence could indicate a possible mechanism difference between genders; that is, males may lower performance because they expect to do worse against harder competition (on par with females' confidence), relative to their confidence against easier competition (more confident than females).
Finally, there is a negative effect on the chance of winning (Table 11 ) and expected earnings (Table 12) (2009) finds that relative information does not affect performance, Gill and Prowse (2014) finds that both genders lower performance after a loss and Buser (2016) finds that females lower their performance after a loss but males do not.
However, this study design does not depend on explicit information, as previous studies have used, but a more realistic yet less certain competitive situation. The experiment exploited pre-existing differences in levels of competitors without an explicit message about relative position, which could affect the dynamics in competition. There is suggestive evidence that males may have lowered expectations when facing harder competition, although the gender gap in the effect of facing harder competition on performance does not appear to extend to a gender difference in the chance of winning or expected earnings.
Conclusion
This paper presents experimental evidence that females and males have different reactions to more difficult competitors-males lower their performance while females'
performance does not change. In addition, it appears that standard gender differences in competitive behavior apply even within a STEM context with more female participation. Given the similar gender gaps in competition choice, it is reasonable to believe that the new findings about reacting to harder competition apply in broader contexts.
The results from this study confirm the gender gap in choosing into competition in a math task similar to those that have been linked to future educational choices. Although several previous studies have found that females perform worse than males in competition, the current study adds to the body of literature that finds no gender difference in competitive performance.
Furthermore, the within-subject study design shows a gender difference in the response to harder or easier competition.
These findings have implications for policies designed to attract females into more competitive environments. Existing research clearly indicates that, when given a choice, females choose into competition less than males do. There are many situations in which people face competition choices, such as which courses to take in school or which jobs to apply for. Early decisions could have lasting consequences; for example, there may be prerequisite courses for certain majors which are required to pursue certain occupations (e.g. advanced math/science courses required for engineering degrees to become an engineer). If females differentially decline to enter into competition early, gender gaps may widen over time as fewer opportunities remain open.
However, it appears that females may not be negatively affected by the level of competition once they are in a more competitive situation. Thus, if females do not perform worse in more competitive environments even when they do not choose into these environments, perhaps policies can be designed to compel people into more difficult competitive environments.
For example, schools could require more advanced STEM courses or companies could provide mandatory leadership programs, which would require females who may not otherwise choose those programs to participate in them. Then, they may thrive in the more competitive environment. On the other hand, it is important to ensure that males do not perform worse in these more demanding situations where there could be negative outcomes from lowered performance. The results of this study are found in a sample of students in middle-ranked classes with no gender differences in performance, thus these proposed policies may not apply among high or low performance individuals or when gender differences in performance exist. These policies also do not address other barriers such as chilly climates that females face in competitive environments.
Future research could look at the generalizability of and possible mechanisms underlying the results. This study was conducted among secondary students in middle-ranked classes in an Asian country; it would be illuminating to see whether the results hold among different ages, performance levels or cultural contexts. In addition to addressing generalizability, future studies can examine more deeply the potential mechanisms for these results, such as a differential change in expectations when facing different levels of competition. Other possibilities from the psychology literature could be differences in persistence or grit; for example, females may be grittier than males in learning environments. Thus, even if females would not choose more competitive environments, they could persist and succeed in them. Understanding these mechanisms could help design policies that could result in greater participation and performance in environments with more difficult competition. Guess Rank ranges from 1-4 (1 is the best rank and 4 is the worst rank). Overconfidence is calculated as Actual-Guessed rank (actual rank based on modal rank in 1000 simulations). Midterm scores are available for 4 schools, and are on a scale of 0-100. Attitudes and beliefs are based on dichotomized variables where 1=yes/agree and 0=no/disagree, except for "Gender better at" questions which are coded -1 (Boys are better) 0 (Both are equally as good) and 1 (Girls are better). Socioeconomic status are dichotomized variables for each parent holding at least a bachelor's degree. P-values are from Mann-Whitney U tests. All models provide OLS linear probability results that include class fixed effects. T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1). Overconfidence Test 2 is measured as the difference between Actual and Guessed rank on Test 2. Nonincentivized risk is a scale from 0-10 (10 is most risky). Incentivized risk is the choice between a certain option or set of lotteries, ranging a total of 1-5 (5 is most risky). Robust standard errors are provided in parentheses. Significance levels are set at + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. Competition is the competition choice prior to Round 3. Test 1 is the number of correct answers on Test 1 (Piece-Rate). T-PR is the difference between number correct on the tournament (Test 2) versus piecerate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. .4 13.7 23.7 39.4 -52.6 61.8 100 Analyses only include the sample of students in the middle classes who face the top class. The chance of winning in Test 4 is the chance of getting 1 st place in a group of 4 total competitors: the individual and 3 competitors from the top class of the same school (percentages are obtained by simulating 1,000 random draws of groups of 3 competitors from the top class for each individual). Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. Competition is the competition choice prior to Round 3. Test 1 is the number of total (incorrect + correct) answers on Test 1 (Piece-Rate). T-PR is the difference between number of total answers on the tournament (Test 2) versus piece-rate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. Competition is the competition choice prior to Round 3. Test 1 is the percentage of correct answers on Test 1 (Piece-Rate). T-PR is the difference between percentages of correct answers on the tournament (Test 2) versus piece-rate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. Analyses are limited to the sample of students in the middle classes. Actual rank is based on modal rank on Test 4 based on 1000 simulations. Guessed rank is from the survey question asking students to guess their rank. Overconfidence is the difference between Actual and Guessed rank. Probability of win is calculated as the percentage of wins (i.e. rank 1) based on the 1,000 simulations. P-values are from Mann-Whitney U tests. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. The chance of winning in Test 4 is the chance of getting 1 st place in a group of 4 total competitors: the individual and 3 competitors from the other class (percentages are obtained by simulating 1,000 random draws of groups of 3 competitors for each individual, by class). Competition is the competition choice prior to Round 3. Test 1 is the number of correct answers on Test 1 (Piece-Rate). T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. (2) (3) (4) (5) (6) (7) (8) (9) Versus top class -12.01*** -11.91*** -10.47** -11.84*** -11.76*** -10.72** -12.04*** -12.03*** -11.57*** (1. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. The expected earnings in Test 4 is the chance of getting 1 st place in the group of 4 multiplied by 2 (percentages are obtained by simulating 1,000 random draws of groups of 3 competitors for each individual, by class). Competition is the competition choice prior to Round 3. Test 1 is the number of correct answers on Test 1 (Piece-Rate). T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001.
Figure 1: Change in number of correct answers between Test 2 and Test 4, by treatment and gender
Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001.
Figure 2. Change in number of correct answers between Test 2 and Test 4, by treatment and
gender and initial performance quintile All models provide OLS linear probability results that include class fixed effects. T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1). Overconfidence Test 2 is measured as the difference between Actual and Guessed rank on Test 2. Nonincentivized risk is a scale from 0-10 (10 is most risky). Incentivized risk is the choice between a certain option or set of lotteries, ranging a total of 1-5 (5 is most risky). Robust standard errors are provided in parentheses. Significance levels are set at + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. All models provide OLS linear probability results that include session fixed effects (13 session vs 18 classes). T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1).
A-7. Models for tournament entry (Competitiveness), clustered by session
Overconfidence Test 2 is measured as the difference between Actual and Guessed rank on Test 2. Nonincentivized risk is a scale from 0-10 (10 is most risky). Incentivized risk is the choice between a certain option or set of lotteries, ranging a total of 1-5 (5 is most risky). Robust standard errors are provided in parentheses. Significance levels are set at + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. A-10. Change in performance due to level of competition, using whole school sample = Γ + 1 ℎ ℎ + 2 + 3 ( ℎ ℎ * ) + Χ ij + = Difference in Number of Correct Answers between Other and Own class (Test 4 -Test 2) for student i in class j Γ is the class fixed effects ℎ ℎ is 1 if assigned higher class and 0 if assigned lower class for student i in class j. This means that all the bottom classes Treatment=1 & half of middle classes Treatment=1 Female is 1 if female and 0 if male for student i in class j ℎ ℎ * Female is 1 if subject is assigned to higher class & is female; 0 o/w Χ ij is vector of student attributes
A-8. Balance check of covariates for middle classes
All
Male Female (1)
(2) (3) (4) (5) (6) (7) (8) All models provide OLS linear probability results that include class fixed effects. The whole school sample is used; thus those who received the treatment "Vshigher" are half the students in the middle classes and all the students in the bottom classes, which is not random. Competition is the competition choice prior to Round 3. Test 1 is the number of correct answers in Test 1 (Piece-Rate). T-PR is the difference between number correct on the tournament (Test 2) versus piecerate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set as: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include session fixed effects (7 sessions vs 8 classes). Competition is the competition choice prior to Round 3. Test 1 is the number of correct answers on Test 1 (Piece-Rate). T-PR is the difference between number correct on the tournament (Test 2) versus piece-rate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001.
A-11. Change in number of correct answers between Test 2 and Test 4 due to level of competition, clustered by session
A-12. Number of correct answers on Test 4 due to level of competition, clustered by class All Male
Female (1) (2) (3) (4) (5) (6) (7) (8) (9) Versus top class -1.438* -1.384+ -0.825+ -1.368+ -1.325+ -0.897+ -0. Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. Competition is the competition choice prior to Round 3. Test 2 is the number of correct answers in Test 2 (Tournament). T-PR is the difference between number correct on the tournament (Test 2) versus piecerate test (Test 1). Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001.
A-13. Change in number of correct answers between Test 2 and Test 4 due to level of competition, controlling for chance of winning All Male
Female (1) (2) (3) (4) (5) (6) (7) (8) (9) Versus top class -0.999* -1.014* -0.942* -0.966* -0.979* -0.963* 0.181 0.179 0.100 (0.330) (0.335) (0.385) (0.315) (0.314) (0.355) (0.603) (0.622) (0.680) Female 0.0136 -0.0378 -0.0337 (0.571) (0.583) (0.602) Female* top class 1.155+ Analyses are limited to the sample of students in the middle classes. All models provide OLS linear probability results that include class fixed effects. Competition is the competition choice prior to Round 3. Chance winning T1 is the chance of getting 1 st place if Test 1 were a tournament with groups of 4 competitors (percentages obtained by simulating 1,000 draws of groups of 3 competitors for each individual, by class). Chance T2-T1 is the difference in the chances of winning in Test 1 and Test 2. Robust standard errors are provided in parentheses. Significance levels are set at: + p<0.10 * p<0.05 ** p<0.01 *** p<0.001.
